WD 03/ 020681 PCT/ GB02/ 03930 PROCESS FOR THE PRODUCTI ON OF ACETI C ACI D

CA- ESTERS This invention relates to a process for treating a mxed C4

st ream cowprod®20s§1 i so- butene and 1, 3- butadi ene. |In naplrCTaB02/03930

st eam cracki ng, naphtha is deconposed in the presence of a steam dil uent
at a tenperature between 700 and 900C. The process produces a nunmber of 5
products, including isoneric butanes, 1, 3-butadiene and isoneric butenes
(e.g. 1-butene, 2-butene and iso-butene). These conpounds may be separated
as a mxed ¢4 stream As described in WO 00/ 26175, m xed C4 streans may be
contacted with acetic acid in the presence of a catalyst. Under the
reaction conditions, butadiene in the C4 streamreacts with acetic acid to
produce n-butenyl and sec-butenyl acetate. The sec 10 isoner may be
recycled to the pee@iser rorlh@r NeroSEBON @NAtINE cOLBRY chandsré S recovered and
hydr ogenated to produce n-butyl acetate which is a useful solvent. Not al
the acetic acid initially fed to the reactor is consuned in the

but adi ene/ acetic acid addition reaction. Instead, sonme of the acetic acid
reacts with the iso-butene present in the mxed C4 feedstock to produce
t-butyl acetate. This by-product 15 is isolated fromthe product m xture
and cracked back to iso-butene and acetic acid. The 1iso-butene is
recovered by distillation, and sold, for exanple, as a feedstock for the
production of polyisobutene (PIB). The acetic acid is recycled to the
reactor, and may be re-consuned in one of the addition reactions occurring
therei n: Thehey aokithg relatks % &pidckatibOieRRg I RARBY U, G4k BSmpisiAdRoPr OCcess of
WO 00/ 26175 20 can add cost and conplexity to the overall process. It is

t her ef otbtteapend 1t hebwdslienst s of the present invention to provide an

alternative process for treating,such.m xed C4 streans. WD 03/ 020681
PCT/ GB02/ 03 Baﬁﬁﬁ%%%?ﬁ&cg‘&}gt rf?ghﬁ?‘é% é?ﬁor‘m%‘gdﬁlf’i tﬁﬁl,’fef*}%? 8%? §°¥hovi ded a
oceS? Al 8 gt OSSPSR IAIRA |,
st r eAm pprodaatsatigiudingisomernit lortanek) 1, dibirtadiemeiand isorenit bhtenad@ig il dteneact or a
product Z%thn%n;n %m{)llltsefler}g ’Ijth%-Cl?)}’Jl’;[p%lquS may be separated as a mixed C, stream.
As described in WO 00/26175, mixed C, streams may be contacted with acetic
acid in the presence of a catalyst. Under the reaction conditions, butadiene in the C4
stream reacts with acetic acid to produce n-butenyl and sec-butenyl acetate. The sec-
10 isomer may be recycled to the reactor. The n-isomer, on the other hand, is recovered
and hydrégenated to produce n-butyl acetate which is a useful solvent.
Not all the acetic acid initially fed to the reactor is consumed in the
butadiene/acetic acid addition reaction. Instead, some of the acetic acid reacts with the
iso-butene present in the mixed C4 feedstock to produce t-butyl acetate. This by-product
15  isisolated from the product mixture and cracked back to iso-butene and acetic acid. The
iso-butene is recovered by distillation, and sold, for example, as a feedstock for the
production of polyisobutene (PIB). The acetic acid is recycled to tﬁe reactor, and may
be re-consumed in one of the addition reactions occurring therein.
The cracking and distillation equipment required iﬁ the process of WO 00/26175
20  can add cost and complexity to the overall process. It is therefore among the objects of
the present invention to provide an alternative process for treating such mixed C4

streams.



5 sec-butenyl acetate, n-butenyl acetate and t-butyl acetate, and c)
recovering n-butenyl acetate fromthe product stream characterised in that
d) t-butyWoaser@Be is recycled to said addition reactor. PCT/GHR/03%80i dance
of doubt, sec-butenyl acetate and n-butenyl acetate have the follow ng
structures 10 sec-butenyl acetate O Q 15 n-butenyl acetate O O Under the
operating cORATEMSHS ﬂtﬁpft?f‘r?ét @M%ttopotﬁelreééétodidedr%l%ﬁséﬁe t@ﬁ@“&i%etr c acid 20
react t r e er stabl e
operatrﬁ%ﬁkggn ?I6%%&95éﬁh?egﬁeﬁ%%gﬁﬁ%¥ggl %%ﬁ“gggmggy acetate are
subst ang) al teytcmrrg acetitlbeitl withusald stiead in by additiye kdad@rt he t - butyl acet ate back
to the reactor, the anount of t- butyl acetate in the reaction |oop

event uab) y wpbfiewareEom theadtition reagipna prodeststiean PmErsingsOdBIICo! | | ng t he

anmou r r, the anount of 2 WO
03/Og06%?4%%##%é%5?§§g§®%mggg &ggg%tgm%g%éﬁﬁg ?n t he reaction between
| so- but gne &Bévéiﬁ@tﬂ-Butaﬁyldcét&e f@titha pRelicadireans uhahaatidealid thaconst ant | evel .

This | eaves a significant proportion of the initial acetic acid feedstock
avai | abfle f%bmdbeﬁﬁﬁbmeahe ttp eaid addiliethreaetor-he addition reaction with 1, 3-
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unr eact gffjol38s fHicAnes:present in the original mxed C4 stream may be
recovered, for exanple, by distillation or flash separation techniques.
Thelbi xed C4 streantenployed as a feedstock in the present process can be,
for exa Y- roduct of a reaction, such as the dehydrogenation of
but ane ﬁgﬂﬁﬁ?Eﬁéc ¥P 10 the steam cracking of naphtha. Such mixed C4
streans frequently conprise isobutene

a
4

Under the operating conditions of the addition reactor, isobutene and acetic acid

15  n-butenyl acetate

20  react together reversibly to form t-butyl acetate and hence under stable operating
conditions isobutene, acetic acid and tertiarybutyl acetate are substantially in
equilibrium. Thus, by recycling the t-butyl acetate back to the reactor, the amount of t-
butyl acetate in the reaction loop eventually approaches a substantially constant value.

By controlling the amount of t-butyl acetate produced in this manner, the amount of
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and 1, 3-but adi ene. The m xed C4 stream may al so conprise one or nore of
i sobut ane, n-butane, 1-butene, trans-2-butene, cis-2-butene,

1, 2- but adwerg/02@sppadi ene, nethyl acetyl ene, ethyl acetylpemggBodiossdhy|
acetyl ene, vinyl acetylene, diacetylene, and C5 acetylenes. In one

nbodi f..th d t 5 duct
o naphtitie S sATERIAORN iy BT pPE TR IR aseft A @I'ﬁgl@ﬁm%i ot But ane
(e.g. gsubsﬁnﬂﬁly con'sﬁtﬁpfé{/&n?hl@ %ages g%ﬂlﬁ@%dﬁoﬂlé‘f bihe 'ﬁﬂtl&l%céhc

10%/v), trans but ene , Cis-2-butene (e - 5%/ v),
1, 3- but auid Eedstoak gfalla‘@e-forll@wahl? reaQt;l(ZLs &mha@lﬂ@rveld(twngeacmlon V‘Z%/]/ 3/-)

propadl ene met h . acetyl ene et hyl

acetyl eh‘%—,tactlé“eg A]@houg@ MMGSG{}%% Plsgc%{tweelﬁ&r?fgraag’ Iﬁ’%pmf]{l@ft%]/ vinyl 20
acety! e&@cl&ﬁ’ Zouthh ace@a%’ésvaescﬁge%CiRW(l)@U&d% ginygnreatzt’éé?é%)blﬁm %eﬁtcet yl enes
(e.q. % ‘5 shoul d be understood that the precise é) onposi tion of
t he | at inethe emglaalrmme;i Gy atryam degydrdecogered, foactansleshicdistédtatioher flaghht ha f eed

conposi tion and the how the cracker is operated. As described in step a),
the m xEdeioRfee s reacted with acetic acid in an 25 addition reactor.

The reacti Cki-bed in
detail in %&%%gl%%%ﬁ%ﬂ%glaégfﬁﬁga?g{i Og%ﬁﬁ@%%?;ﬁgﬁl ir:drt he m xed
CA st r eanniple, adyetrodudot d remtiomeusd 4 thoddhydfygepateinerfdinkane ot bdtetg ot: 10. The

addi tion reaction maybe carried out a tenper ature of 20 to 140C,

pr ef®r aﬁneytea@fcr%ém@gaofg@ehth?h §u%@&eﬁﬁe SFFBWE) eguinily samptiee 1eHgea
hormgen%%.lls% %Fltadfé%eh%h aﬁ%@% ?SC |2k LE Mol bﬂgob%a%%e”ed
Sui t abl e cd |nc e ac c ca uch as zeolites, and strong

acid i Oﬂ'bﬁtaﬁbl,aln@ﬁeﬁ@$ﬂaﬂ§2—bﬁwnéﬁcbé-e butziie em%amgmne;mpmenenmlemgb Aber | yst
15(r) and -Anberlite I R120(r). proportlon of the acidic sites of 3 WO
03/ 02068ENETF/ eBpbacetee. lwlé,h%/ restylens, iyl etdsten disgeunlens.ad bal ky

count er!ac%grsl%iqegc @t?ee%l&@ﬁll PM'df %e%r%gé}ltlﬂv‘%tﬁ)rnnﬁ{mgfﬁ ﬁenyplak@épquat ernary

ar soni um ernary phosphonium. compounds tra-p o honi um

COUTY er pPisét off‘ﬂﬁ plaXaspde crddfﬂﬁﬁgb@m@ﬂﬁhg)mﬁutana' (s COWWHOI h-biand@yg.account
for up to 10%of the available acidic sites. 5 Water may be present in the

addi t i of - 4¥ep)i wobwermisien S b0 asn, lobwenaeee- 50 1%WW%‘-’F%‘PE‘@Q%{% 0.5 and
20 ww 6/0- %?\%9019—@-1)11}%66116'[(0 t ag - %%/x%,e 1,5-%u ala?ene?ggﬁ = 48%v/v), 1,2-
butadiene (e.g. 0 - 2%v/v), propadiene (e.g. 0 - 1%v/v), methyl acetylene (e.g. 0 -
1%v/v), ethyl acetylene (e.g. 0 - 1%v/v), dimethyl acetylene (e.g. 0 - 1%v/v), vinyl
20  acetylene (e.g. 0 - 1%v/v), diacetylene (e.g. 0 - trace) and Cs acetylenes (e.g. 0 - trace).
It should be understood that the precise composition of the latter stream may vary
depending on factors such as the naphtha feed composition and the how the cracker is
operated.
As described in step a), the mixed Cy4 stream is reacted with acetic acid in an
25  addition reactor. The reaction conditions employed in the addition step are described in
detail in WO 00/26175. The relative mole ratios of butadiene in the mixed C,4 stream to
acetic acid may be 5:1 to 1:50, preferably, 1:1 to 1:10.
The addition reaction may be carried out at a temperature of 20 to 140°C,
preferably, of 40 to 90°C. The reaction may be carried out using a homogeneous or
30  heterogeneous catalyst, the latter being preferred. Suitable catalysts include acidic
catalysts such as zeolites, and strong acid ion-ekchange resins. Suitable ion-exchange

resins include Amberlyst 15® and Amberlite IR120%. A proportion of the acidic sites of



In certain cases, the activity of heterogeneous catal ysts may decrease
after prolonged use. This may be due to bl ockage of active sites by

1, 3- but adwerwg/opieBgo- and pol ynmeri sation products. |In suckRCrasRe/0393d may be
advant ageous to carry out the addition 10 reaction under conditions of

hi gh shear, as hi shear rates e believed to redyce .hl ockage of active
s: '? es b?‘“’ﬁ‘ﬁ@snf‘%mhg{}? Sirhapeed ]61?1[(6SQuDé‘lrﬂf\{]BB‘F%ﬁ%Qjﬁ}mamb%dgct s. Y

Al ter nagﬁ. EtnryOfikyRentdnPRA) JubterPRY XﬁBﬁihﬁ?éﬂd%ﬁ%eMHr?bﬁ&fpﬁoﬂﬁm be added to

the reaction "mXture. Such inhibitors are we known in the art. Were
ol i go- ewdppoidy.nEetiaplhdnylphofplodivgm sownteriops.dorernaniple trhay lpg erdpioyedst r eam
however, these may be recovered and 1] cycl.ed . to.t.he. reactor. The
addi t i oﬁh?s&?@ft”iltSHXWa}b%cce‘él?trff“é‘&P @ﬁroﬁgf%%&ﬂfﬁ%&‘ﬁ BoYes eactor. For
exanpl e, a\xﬁdté‘r%ia resthifnl e a(tldiﬁ&lfkt@%% arRdtht beSRen 0105 dntisdioged bed
reactor may be enployed. The reaction between the m xed C4 stream and
aceti c agwgpmpfepably @5 andizoetive o, batedemrthe twitdl charigs tavihehdacham from t he

addition reactor in step bé Thiis pr oduct st@&eam 23 conpri.ses addition
product s i né erARHLLAsTSnEkEractyinaot hetpRROYS catabySh Bay Ceesidfy| acetate and
t - butyl ! Qéjyf R t.1har to

99 w, p?og(‘r%g% g?%?‘rﬁf@% ﬁ{g?'?) g@%%ﬁ@f%%gtoﬁé‘gg’re gguct is’t§ r@gﬁ%hoélgﬁ-%ﬂgt enyl and
sec- but polymedisatioatpesductse Iuktich casen,-itheayadebdidvanaageaois acetriyoow thechddaiobut adi ene,

whil st the t-butyl acetate results fromthe reaction hetween acetic acid
and19 soresgtiemandesgensditiensiof high sheare by gk shegpiptsrare belisvae titfeneral Iy go to

conpl et | C . - of A j how t he
Fenct | o PR ALR-GRR B el AR i dBhORRr bR, 10
const antASternaki9élylob h&diti@asigNpolimeGative thhilsiahsiian®e added ophé mactidny, unreact ed

1,3- butadiene are also present in the product stream These unreacted C4
conponemixtuzg. eSych lizhibijess gpromwglhknqgvan in theart.p{hereoligy apd pelymepigttiodx anpl e, by
gas di sen ment i j e i i as a flash
rom ARG AL BEne BeoBt! &R n o R B R be el e s 1T he
progsict r&dybRam theyedtors unreacted isoneric butanes, 1-butene and 2-butene
may al so be separated. Were butadiene is ,present in the separated

m xture, thd&hsegdifier wacionprnBy caroed eutpEnEEBY SRitEdREacier -« F o ample, be

ce ety SRS RSP e PR A AR o e
The reaction between the mixed C, stream and acetic acid produces a product

stream, which is withdrawn from the addition reactor in step b). This product stream

20  comprises addition products including, inter alia, n-butenyl acetate, sec-butenyl acetate
and t-butyl acetate. Preferably, such addition products account for 1 to 99%w/w, for
example, 5 to 50%w/w of the product stream. The n-butenyl and sec-butenyl acetates
result from the addition of acetic acid to butadiene, whilst the t-butyl acetate results
from the reaction between acetic acid and iso-butene. Such addition reactions, however,

25  do not generally go to completion and are controlled by a number of factors including
how the reaction is conducted (e.g. LHSV), reaction kinetics and equilibrium constants.
For this reason, unreacted isobutene and, optionally, unreacted 1,3- butadiene are also
present in the product stream. These unreacted C4 components are relatively volatile,
and may be separated, for example, by gas disengagement using any suitable separation

30  unit, such as a flash drum. During such a separation step, other Volétile C4 components
in the product stream, such as unreacted isomeric butanes, 1-butene and 2-butene may

also be separated. Where butadjene is present in the separated mixture, the separated
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but ene can occur, as well as further hydrogenation to butane. The separated
m xture of unreacted C4 conponents may be used as a feedstock, 5 for
exanpl e, woro3abdegl ati on, or for steam cracking. Alternati PeEmGBRI08I3M Xt ur e
of unreacted C4 conponents may be separated (e.g. by physical and/or

chem cal, nethodg) .Jinto.ane or nore, co nent,s .f or | e use. |sobutene,
for exdMprEe M eﬁgleytévgg&gﬁé%gen it E;&S{}%Fﬁ“éeel}ydp&%%g)&]u%% pol yi sobut ene
(PIB). plsdduli A4 Qts RdltRNG 11RER. AdgRidhalyesomé RonRXasngo 2as a mi xture
and usgéecgy{g%@& aﬂ%lsi tive. 10 In addition toyet he conpounds nenti oned
above, tubmepandoatr, stwedlsan nmlerdiydmgenaioprtp butapol yneri sati on by- product s
such as C8 ql efins e.._g. di - i sobut.ene from ti sob%ten‘%%ag{:éea rt(i)c?(nes (e.q.

f r om but adiBKecrarpiet AT U WReRCEE (edioaRReRE Gy OF PETH 2SHUFEHIERe and

I solut fhilh. 68t stehfOTh iRy | ARMEABREX BRtemiktiteiordi ene, or C8

ol e$i nq?rle%%atmég%gf%%l;ﬁy %%[ﬁ]écet atsées , Cléﬁ%cet ates ?r(\d hi gher ol igoneric

mat er i alnseactdd CRovhgobntseny balbémrited (eegrby@hysieal end/apelengtalsugthodsdbnponent s
fromthe product stream for aixa Ie1 % di 3'“ | | at ilon. i - i sobut.ene

r ecov e TehmeTe CHPBRIFRES 16F salepn ¥syn Isobhtengdoy eXagiplg, My Re ssrqVstdpy
hydrogenati on 9.4 $05 lyi 1S, fiuhieROdidldr\ebutbde HkEBe C)

n- butenag? pé)??g{léarg eea?osprgg%%&grl}g%)bﬁégﬁim prodact st rrean11] Thi s}eﬁ%y be

car ri ecdsepathtedsfongxanple sidiatmizhee aapasatasndueinidditiveor exanpl e, one or nore
distillation 20 colums. An exanp|e gf a syitable a paratugll for performng
sud separ aniadditionép theicempanrds Bainad ¢y V§oihs Siect %%?F’i‘f:‘ﬁﬁ' PPy with
reference to Figure 2.0of 1 GHITE, e & bl diiHiveedn@sing of WO 00/ 26175
is incO?OMFé)agﬁ{eer%gi%hO%bbfé}gP%&gnce. @gglc%e récgvelrled, tnhe n- but enyl acetate
may be,isbfut6iesot@tienes @k ednbiasidite buttadieas)endndtadicets (-g. foind, or recycl ed
to the reactor. \Were the n-butenyl acetate is ﬁracke back to 25 butadi ene
and acenitadiens and isabuteng 3t Comielins (e SencHRPGHERPS REY Sy et to the
reactor. Preferapl e recovered n: [ ted to

pr oduce"lﬁg’E1 Ibwﬁﬁeéié};ltdé!.aceltﬁtggh)e/&fragatl’eaﬁeg;d %’%ﬁﬁ‘r‘%@ﬁ@t&?&eﬁ Srﬁaet%gérjr%ﬁgfﬁﬁ arried out

undgy hel8h0Id 80 EMSve 088 BE ok OOSsueN e6mpdenssUlirdra iesprodickyrsdm, fexanpl es of
suitabl e catal ysts include ruthenium 30 platinum nickel (e, Raney

S 1N e, g.
ni ckel ) examplpdlyl dagtillation. TReisebweraresovrigd Hamdhgppioged sie2mspdent al netal s or
metal conpounds. Al ugh ;unsuppor.ted cat al eqpl oyed, it is
prefer a%?%ge#&eﬁgv%é{a%ﬁ? F%Oggfd%%grt%’ gsg) %C%&l%h%?%ﬁ%ﬁg?ﬁ%?@lﬁg‘gch as carbon or
In step c), n-butenyl acetate is recovered from the product stream. This may be

carried out using any suitable separating unit, for example, one or more distillation

20  columns. An example of a suitable apparatus for performing such separation steps is
described in WO 00/26175, particularly with reference to Figure 2 of that document.
The full disclosure of WO 00/26175 is incorporated herein by reference. Once
recovered, the n-butenyl acetate may be, if desired, cracked back to butadiene and acetic
acid, or recycled to the reactor. Where the n-butenyl acetate is cracked back to

25  butadiene and acetic acid, at least one of these components may be recycled to the
reactor. |

Preferably the recovered n-butenyl acetate is hydrogenated to produce butyl

acetate. The hydrogenation may be, for example, carried out under heterogeneous
conditions over any suitable catalyst. Examples of suitable catalysts include ruthenium,

30 platinum, nickel (e.g. Raney nickel) and palladium. These metals may be employed as
elemental metals or metal compounds. Although unsupported catalysts may be

employed, it is preferable to use catalysts supported on inert carriers, such as carbon or



5 WD 03/020681 PCT/ GB02/03930 siliceous supports. Preferred catal ysts

i ncl ude supported Raney nickels, and rutheniumon carbon. The hydrogenati on
may, for weanptmwsl be carried out at 20 to 250 C, preferablPgT/GBIR/05B0200 C.

The hydrogenati on maybe, for exanple, carried at a pressure of 1 to 100 5

b , of bl t T ' : | t, f
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acet at eoh sgarbegovered fromthe product streamand recycled to the reactor.
The recover>lg stgg may be carried out using any suitable separating unit,
for exanpl eThahpiregeriation men fepexpmple, ecardsyépedd 0 2500( rrwésttdye stream 10

may al s 0, ! her,reactio roduct d/.or. r t,apt s

"ot o R0 FhE Bl ot AR el R PR e MR ER SPIRNLY
sec-Hut gyl prRESABFY.ES 15930 iy, MEaWRERRniticiaahve chfrdwet, foi &xaaiple, The

separ at ed sec-butenyl acetate may be recycled to the reactor, or isolated

for, foshimeadior lowsghasorsdi rect use (eg as a solvent), or further
processing. ,In, on nbodi of 15 .the inventdon, the. sec-butenyl acetate
o hor mai | s QrSuibe b aakar 6wt acus Bt AT e M o1 b o
these S}&g&k@% Rtesck %mob@?rs%mﬁ& dariddGut hGAE hAY suidblesol d as  such.
As descri bed above, t-butyl acetate, n-butenyl acetate and sec-butenyl

acet at e sgrestingendy fr aiirepleraodistilistiopicolinot. Brareeoverefliisitylagethie saettheved by
conyenti onal net hods 20 for exanpl by distillation. |I.n rtain cases,
howdd or M AlsoLor g ae R SRon RS BT SRR Fers@hls ARttt <t 1 o

boi | i nge)g&héé}%swatgpérﬁmac%@; oRPYEMs onal distillation difficult. In a

preferre odi ment, conponents of the product stream conprising t-butyl

acet at e, n- Dytienslly, acehaty! acethts ewy batresvykred deimathe predpcheresapaktet ed from

o 2R T AR 2Bl RERRr e ey et g, Lor, exarple using
the produgh,s!LEAMbANRe A3 as 356RLAGRIMEER proBRsdifl. (@nBERDEBnEnPbr WAt €r .
Under these Conditi ons, fb? IS possible to pf ormwat er/t-butyl
acetl st ethre-ibudreion| thaced-bivtertyd @cetitta tiethgptmdlyewiaked b to blitedicaz and nogpie
acid. One or both of these starting materials may be recycled to the reactor, or sold as
such.
As described above, t-butyl acetate, n-butenyl acetate and sec-butenyl acetate are
recoverable from the product stream. This may be achieved by conventional rﬁethods,
20  for example, by distillation. In certain cases, however, the components of the product
stream have relatively similar boiling points. This may make conventional distillation
difficult.
In a preferred embodiment, components of the product stream comprising t-butyl
acetate, n-butenyl acetate and sec-butenyl acetate may be separated from said product
25  stream by azeotropic separative methods, for example using an azeotroping column.
This technique involves, for example, introducing the product stream into an |
azeotroping column in the presence of water. Under these conditions, it is possible to
form water/t-butyl acetate/n-butenyl aéetate/sec-butenyl azeotrope(s). The azeotrope
may be recovered as a process stream, preferably, from an upper portion of the
30  azeotroping column, more preferably, as an overhead stream. When this process stream
is allowed to settle, the organic components of the azeotrope, namely, t-butyl acetate, n-

butenyl acetate and sec-butenyl may form a layer separate from the water and may be



may be recovered as a process stream preferably, froman upper portion of
the 30 azeotroping columm, nore preferably, as an overhead stream Wen
this procwevsmemweam is allowed to settle, the organi c comperGBwRe3wvh t he
azeotrope, nanely, t-butyl acetate, n- butenyl acetate and sec-butenyl may
forma %a%% gclaepgéate fromthe water and may be 6 WO 03/ 020681

PCT/ GBO % T8<Tnt ed t herefrom Any residual water may be renoved from
t he decant eflpftesidifaPwhiér iy b&EnidiRd v thedcdnied Mbdture boldr@x@iel e, using

nol ecul ar sieve treatnent or azeotropic drying. If desired, the

azeot r opiixtgretfeghern, furexamplebssingdapleedatsjeveritabyengr azcobppigrdrgngz Hot r opi ng 5
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conventional distill'ati on techniques. desired, mXxtures of t-butyl
acet at eazenttosiag -chlmrenyTheavigtuat ef elhrylrsctats pdiugahyt ecetabeeandssetotenyhus

rendering their separatjon from one anot her. unnecessary. 1 Stream
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by- pr odpel 5, dRY + By g@ga\%@meubaf&&mea?é@m% r&gfeleg%@merr%&gh&sol um. This

stream nmay be recyc to the reactor. It may be desirable to purify such
st r eansrepdérig theirtskyearaticadyonh dmgarsitlep pnpevesdagul arly, when tars are present.
This may be achi eved by, iantroduﬁ?i n(%. t he trﬁami nto a settli ng) t ank, and
al | Bhi ng t h@ SR ORPEISHE IRECACtPY AR lPﬁéldraé‘ﬁé)tp geallypivatesandier ©pdtlom as a
separ at g, | J j N : ition of
o YRt e e Y L B Y T TR br ocedur e
descr i badyabeascledny tHeaeapp! ltadayt oe dusiratie oe padfystclesreams ppiot ®ithg t - but yl
acetate, n-butenyl acetate and sec-buten¥l, acetate. 20 The invention is

i || ust r ERCERlingsters PATtSRREY. henias pE RTewhgl e 818y bRRrMRveHyiInRedicit e

acr ntieed oS tHAERM AMERIFD LD EELER Aol b FRNIRRL Y |20t ©

pr ofhict the stlemGas bliepat@s bhasel Thissttidgestépmab be fabilitped by ke akioduaifs, sonme of
whi ch are valuable materials in their own right (e.g. di-isobutene) and
sone whiékrare regarded of a lesser utility which would be

It should be understood that the azeotropic distillation procedure described above
may be applied to any process stream comprising t-butyl acetate, n-butenyl acetate and
sec-butenyl acetate.

20 The invention is illustrated by reference to the following Tests which show how
the composition of a C4 stream changes when subjected to treatment with acetic acid in
an addition reactor, but without removal and recycle of the products. Hence the Tests
illustrate the build-up of by-products, some of which are valuable materials in their own
right (e.g. di-isobutene) and some which are regarded‘ of a lesser utility which would be

25  removed at intervals from a commercial process to prevent undue build-up of involatile

“by-products.

Tests 1 and 2 — Reaction of acetic acid with a crude C4 stream

To 2699g acetic acid and 28g water was added decane (65g - to act as an internal

standard for subsequent Gas chromatographic analysis), and butylated hydroxytoluene
30 (2.4g- polymerization inhibitor). The mixture was charged to a 7.51 stainless steel Parr
autoclave containing a cooling coil, and supplied with electric band heaters and internal

control thermocouple. The catalyst employed was a proprietary sulphonic acid ion



25 renoved at intervals froma comercial process to prevent undue buil d-up
of involatile by-products. Tests 1 and 2 - Reaction of acetic acid with a
crude C4 worigamedb 2699g acetic acid and 28g water was adaed/GRoeasmso (659 -
to act as an internal standard for subsequent Gas chromatographic

anal ysis), and_h I (12 L Lon
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aut ocl aygl. coRtaatioh BHthe agieabi évgbles lifuiddivgy tumplhl thelcathlydt “bedttThec band
heaters and internal control thernocouple. The catal yst enployed was a

propri etesse) wagispHedhand pressyre mnger With migrogom sy erabtimesto 0P ofo exchange

resin held captiye i.nside st al S i nd the

cool i ngBGVF 21 e&@?ﬁlé%wgﬁhg%géa%f‘{’é{]%%ﬁagdr?gﬁzgo: ; qutg)gbgilgg\%&f rough the
cat g ys(tTegtﬁQQféd I ¥ated e S6E (TOaS)S ERlcd: RADRAINGS SIohR 365 86k T4 ni trogen
several tinmés (to 10 barg), to ‘renove air. The mi xture was then heated

W t h agwhsidded tatheh@e@t prdet vit®Qen evprpressucs. SEXCRes Ritroengiah wsepéat ed at 70C
(Test 2). Once at tenperatyre, sonme 886g of .cru was added to the
vessel WHFae mr%%%d@[&@@#@#@é%ufﬁg gg&%‘s%ceﬁf ??lgg%ﬁﬁaﬂsn%%aﬁa O‘f o increase
pressur@.}g.q_ desired 40 barg. This gave an acetic acid to butadi ene ratio of

4.34:1. "The conposition of the crude C4 streamis given in Table 1 bel ow.
10 React i onTli¢ cempmitipnvafshd akénCastredmeisngivemin Tableddbdatdi ti on, and the

m Xture wa mai ntai ned at the stated te tyre f iod of 4 d

e Bt e, St LS SR A ol b BESAE 0 40

chromat oar ﬁ'e%/d at tHEsthRd 'tgrﬁep%ra%%%%fj%gendﬂ das Rk 'lihﬁid%famﬂe@ digd m xture;
put'y secon ten

tertiary- acet at e, ary yl acétate and crotyl acetate main
pr oduct geriofidally vegsierwamulemhlysaf byt gastcheomyatbgrapinol The@ssuits showel @and 15

acetates, -C 12 ol efins, 4-vinylcycl ohe>iane and ol ] gyorrer Zy- roducts,

t oget hekingfig WOf@m?@ﬁ@@%W%F%ﬁW&HH’ é&?—f?tiecseﬁ‘éri‘j&. CRIG a?é?atﬁé?%w, shows

th d -1 YRl Test 1. F
€ pro u§,ﬁ age(%%Bg%J[lﬁ gfoﬁyg%%t}}slll%%%r ?%18‘91?@ of m&%oﬁﬂﬁa?hg)oleffr{sﬁﬁh es or

Test 2 (Carfie same conposition, results are given
in 120 Jablie, 812edfHi, 4-vinylcyclohexane and oligomer by-products, together with

unreacted butadiene and acetic acid.

Table 2, below, shows the product cofnposition (analysis by gas chromatography)
from Test 1. ’

For Test 2 (carried oﬁt at 70°C) using the same composition, results are given in

20  Table 3, below.

It can be seen from these static Tests that tertiary butyl acetate forms rapidly under
the reaction conditions. It is thus apparent that under suitable working conditions for
treating C4 streams in accordance with the present invention, the tertiary butyl acetate
can be recycled to an addition reaction, optionallytogether with other products which

25 - may not be desired reaction products. It is also apparent that under the static conditions
of Tests 1 and 2 that, after reaching a peak, the concentration of tertiary butyl acetate
gradually diminishes. It is believed that this is due to the formation of dimeric or other
products either from the tertiary butyl acetate itself or from the isobutene with which it
is in equilibrium. It can also be seen from the Tests that, in addition to such useful

30 products as, for example, secondary butenyl acetate and crotyl acetate (which are easily
separable from the starting materials), there is a gradual build-up of some other

products, e.g., C8 butadiene dimers, C8 acetates and C12 butadiene trimers which are

8



It can be seen fromthese static Tests that tertiary butyl acetate forns
rapidly under the reaction conditions. It is thus apparent that under

sui t abl e worogiomgscondi tions for treating C4 streans in a®CorGRRO893M t h t he
pr esent inventi on, the tertiary butyl acetate can be recycled to an
additio [ ea | 1y-together with other products which 25 - may
not be’ glé 1?@‘3‘8 :%%él&ggoducts It is al so apparent that under the static

conditions of TJests—1-and2that—after—+reaching a peak, the concentration

of tertiary b tlea&é“e% &@P@F@H&éﬂ@%ﬁfﬁn nishes. It is believed that this
is due to the |fo er products either fromthe
tertiary butyl a%:tgétga (gﬁ?lit?ésde? rag:rr%&tﬁp sobutene with which it 1is in
equi librium |tCe@apodnso be se=em;rde|ho(wdlglﬁ) Tests that, in addition to such
usefsl 30 products—as—For—exanrple—seegndary butenyl acetate and crotyl
acetate (which 13?“@ 1688 | y .separable f 3o%the starting materials), there
is a gradual ﬁgh@né{@ of some|other prpdu¢ts, e.g., C8 butadi ene diners,
C8 acetates and_Cl2 hutadieneitriners which are 8 WO 03/ 020681

PCT/ GB02/ 03930| Buteso2usef ul i $ol abl e prddlcts. Table 1: Conposition of
Crude ¢4 streghr: ne rom Naptha crgpgker Conponent Percent (weight) 5
But adi ene 63.2 Butene-1 11.1]| Butene-2 6.9 C3's 0.1 C5's 0.015 10
| sobutane 1.9 | C§sbutene 5.7 |N-Butane0.81®| Total accounted for 97.815 15
20 lg > Isobutane 1.9
Isobutene 5.7
N-Butane 8.9
Total accounted for 97.815
15
20
25
30



30 9 WD 03/020681 PCT/ GB02/03930 Table 2: Product conposition profile
obtained at 60C Tine C8 BD C8 C12 BD A igo- t-BuQAc See- Crotyl 4VCH t-BuCH
(m nd di rwo93mzmesates triners nmers BuOAc acetate 5 0 0. 32PQT@3B02/08300. 01
3.99 1.34 2.07 0.00 9.41 29 0.55 0.05 0.07 0.01 113.14 5.25 3.35 0.06
44.04 64 1.25 0.27 0.23 0.02 209.38 15.84 9.19 0.06 74.01 93 2.16 0.43
0.45 0.03 208. 85 25 33 15.-14 0.08 74.54 142 2.92 0.74 0.71 0.04 203.24

4 o Wa W il |

37.26 23.07 0.1F72 2023121t 2611401019367 5694-32-5170. 17

59.93 269 3.70|1.65 1. alp2oksoduis campesitisnpuila obiainodeH0” @7 10 322 4.17
2.11 1.99 0.45 | RQ 08-15.83-52.79 025 64 74 425 . 4. 65.2.69.2.53 0178
157.52 89. 71 64] 6670 SaPRY. £ [C15890hec3iBa08q 5567 | Lreg | FYSH{wBuHY o3
140. 23 0.84 48. $fnind bdifrery | Gorais Bms B, 80 91| BDALGAcot® |154, 81 0. 92 45. 92
164558. 07 8. 86 6. 6805, 232870.05 1703 960.0l61. 1P 1. 043444, 747 |1000 (89218 |6. 56
6.82 5.40 85.32|174708 0P64. 99 1. 08743006 1185428082%9.|7933.|16067.|83.07 123 68. 96
185,73 183.16 1/34 @38, 40s| 2666 10229 ddb Bloofs 14 17560 6o 960489.A71187. 96
1.40 37.03 3326 10,61 9.03 8 3 8 28 60. 94 186.65 189, 67 35 43 4292
11480 74 5,74 0. #1538 185 4 1geBe 108 525Ak | Waed G8 1973 07 5. 04
9.82 50.97 183 80 148. 682y 62 M6 | dL4AEDAG1 3136 Qs 98091 44256108
184.25 186.96 1. 759 112 98 L 8..94, 9 26,49 86 186.59
2 . . ; .
165 30,89 8692 15260 14| 356 pd dof O kB3 [{78% 0 23415071 88554 g
10 269¢ 3.70| 1.65 1.55 1023 ] 180.62 { 64.80 | 43.12 | 0.20 | 67.37
322y 417 211 199 | 0451 169.08 | 7583 | 52779 { 025 | 64.74
4251 4.65| 2.69 253 {078 | 157.52 | 89.71 | 64.66 | 031 | 62.17.
1369 731 5.21 5.67 | 398 102.14 | 15593 |140.23| 0.84 | 48.82
1515 7.50( 8.34 630 | 4.80 | 91.69 | 167.49 {15481 092 | 45.92
1645 8.07( 8.86 6.68 | 523 8795 | 171.96 [161.12 1.01 | 44.74
1740 8.28| 6.56 6.82 | 540 | 8532 | 174.08 [164.92| 1.03 | 43.96
15 2803 9.791 8.16 7.83 723 | 6896 | 18573 |183.16| 1.34 | 38.40
2966 10.19{ 11.81 8.14 1766 | 64.96 | 186.57 |187.96| 1.40 | 37.03
3326 10.61| 9.03 8.37 1823 | 60.94 | 186.65 | 189.67| 145 | 3553
42921 11.48| 9.74 874 {944 | 5340 | 185.73 |188.66| 1.59 | 32.45
4464} 1179} 10.07 8.94 {9.82 | 5097 | 183.80 |188.66| 1.62 | 31.56
46141 1191} 13.64 898 1944 | 50.08 | 184.25 }186.96 1.62 | 31.17
20 47591 12.08| 13.63 894 |9.26 | 49.27 | 184.86 |186.59| 1.65 | 30.89
56921 12.59| 14.33 928 110.11} 43.77 | 176.20 1182.88 | 1.65 | 28.43
5816 12.86| 14.55 | 9.40 [10.50| 42.56 | 176.04 [180.45| 1.68 | 27.90
59281 12.91| 1456 | 9.36 |11.24| 4195 | 175.12 |169.92| 1.68 | 27.65
25
30

10



5816 12.86 14.55 9.40 10.50 42.56 176.04 180.
14.56 9.36 11.24 41.95 175.12 169.92 1.68 27.
PCT/ GB02/W893020688bl e 3: Product conposition

C8 BD C8 C12 BD Adigo- t- sec Crotyl

4VCH t -

45 1.68 27.90 5928 12.91

65 25 30 10 WO 03/020681
profil e obtaPe@GRR/OFBC Ti e
(mns) diners acetates trinmers

mers BuOAC BuOQAc acetate BuOH 5 0 0.12 0.05 0.06 0.01 1.83 1.29 1.52 0.00
2.64 12 0.39 0.10 0.05 0.10 122.36 4.36 3.04 0.08 45.02 25 0.91 0.06 0.14
0.10 195.98 11.70 6.7 203. 69 18. 22
10.57 0,14 56,47 60 1HE DI eopiepshstnBbduifd 786C 0 17 5 06 117
3.10 1.15 1. 8,0 283 aR3f&T q:lzéegDs 155 44 béecj.ét sty 3- QVCH pJ. |77 0. 38
161. 98 68. 70146.49 0. 25 49 75 6| 4.56 2. 79 1. 06 141 44 67.01
0.31 46.06 1((mypy |gimgs mpegees 3““9@58 Tges 12‘%3‘94*@ BroAgg| aepites ) 0.3‘314‘1H‘6 1312
8.9356.94 7.57 5075 7 P20d70084F 1b80A7| 0362 PP2b7 | 15234 (160020 2/64 8.38
6.58 61.98 177.Q0 |16836P . 0.16508%. 110.100 7112256. D&38. 2/08.@. 85 0086Q 456236 177.79
172. 44 0.67 25.42 | 1795| 10.0600.84 44| 810/6| 10548 Bh. B4 (1B 11 oliA3.1468.60.;70 24. 89
2770 11.60 9)4239./681.%4 [L7048| 798 1780.68 1203.681) (&223 [2(b.518 | 02897 584792 9. 77
9.66 9.55 41]066b72. 18 168451061 76| @02 16195309p30168. 00183694 ol0. 5559639 39. 34
170.17 169.60 0.173 19168 13209342. Bd.2310, 04,510 45889. (9k.288. (332169224 {168. 99
0.76 19.21 15 463 18s6/l7 101 49710. 838.0| ¥sf.983| €k¢7016[24604 1600575 0.7 17. 30
4196 13.91 10. 6i4610. 63 11237 | 319 86| L6O. [/H11158| &40 [/&.016.|7n1 422846 13. 86
9. 0%}0 10. 89 11. Osb731. 89 159699338H9. L439. 7ok6. BR7.620 9252 | 037 |41.76
1312 8.93 6.94 | 7.57 575 | 7092 | 170.84 | 15847 | 0.62 |29.67
1434 { 1620 7.80 | 8.38 658 | 61.98 |177.00 |169.52 | 0.65 |27.11
1711 1096 | 820885 7.60 | 5636 | 177.79 | 17244 | 0.67 | 2542
17751 1060 | 8.44|8.76 748 | 54.84 |179.11 |173.48 | 0.70 | 24.89
2770 | 11.60 | 9.42|9.68 9.17 {4379 |173.63 | 17031 |0.73 |21.18
2892 | 11.92| 9.77 | 9.66 955 | 41.06 |172.13 |168.51 |0.76 |20.16
3095 | 13.00| 9941055 [9.89 |3934 |170.17 |169.60 | 0.73 | 19.63
3209 | 1291 | 10.04|10.18 .|991 |3833 |169.21 |168.99 |0.76 | 19.21
15 4163 | 13.77 | 1049 | 10.78 | 10.77 | 33.07 | 162.04 | 160.75 | 0.76 | 17.30
4196 | 1391 | 10.67 | 10.63 | 11.37 | 31.86 | 159.76 | 158.58 | 0.76 | 16.76
4224 | 13.86| 9.08|10.89 |11.01 |31.89 |159.99 |159.14 | 0.76 | 16.82
20
25
30
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25 30 11 WO 03/020681 PCT/ GB02/03930 Cainms: 1. A process for treating a
m xed C4 stream conprising iso-butene and 1, 3- butadi ene, said process
conpri si g0 oap2aeencti ng acetic acid with said streamin amCadcBorioanso
reactor, b) withdrawing fromthe addition reactor a product stream
conprising iso-butene, 5 sec-butenyl acetate, n-butenyl acetate and
t-butyl acetate, and c) recovering n-butenyl acetate fromthe product
stream characterised in that d) t-butyl acetate is recycled to said
addition reactor. 2. A process as clainmed in Claim1l wherein isobutene is
recovered fromthe product stream 10 3. A process as clainmed in Claim?2
wherein the isobutene is recovered by distillation. 4. A process as
claimed in any one of the preceding C ains wherein isobutene is recycled
to the addition reactor. 5. A process as clained in any one of the
preceding Clains wherein the mxed C4 streamis obtained by the

dehydr ogaeTaimson of butane or butene, or by the steam cracking 15 of
napht ha. 6. A process as clained in any one of the preceding C ains

wher ei n, lin dyBiocpwsror Beatinga miged Ghstprm sppiisiag iortadinerad lihe i xed C4

streamc rtses re.of 1sobutane, n-butane, 1-butene,
trans- 2- gju "l_élheél,%’ Sca?&s]-sﬁ)?%sﬁ{ggrr? flglﬁ{%'z- but adi ene, propadi ene, nethyl acetyl ene,

et hyl acea?yl eafting ab@ichicld witetdd e M dydddaceikhene, diacetylene, and 20
CC5 acetylenes. 7. A process as clainmed in any one of the preceding C ains
wher ei n, Bn tithdsaming ifiom theaddition reactos apeodarct stecapptaanpristngdso-btehest adi ene i n

:E E: Tgﬁggse C—é&t%%l{glea%&f&?n%%%niy ac@t%.edanidsc—biuntyl a%eztat\é\gn%?’/ 020681 PCT/ GB02/ 03930
c) recovering n-butenyl acetate from the product stream, characterised in that
d) t-butyl acetate is recycled to said addition reactor.
2. A process as claimed in Claim 1 wherein isobutene is recovered from the product
stream.

10 3. Aprocess as claimed in Claim 2 wherein the isobutene is recovered by distillation.
4. A process as claimed in any one of the preceding Claims wherein isobutene is
recycled to the addition reactor.A
5. Anprocess as claimed in any one of the preceding Claims wherein the mixed C,
stream is obtained by the dehydrogenation of butane or butene, or by the steam cracking

15  ofnaphtha.

6. A process as claimed in any one of the preceding Claims wherein, in addition to
the iso-butene and 1,3-butadiene, the mixed C, stream comprises one or more of
isobutane, n-butane, 1-butene, trans-2-butene, cis-2-butene, 1,2-butadiene, propadiene,
methyl acetylene, ethyl acetylene, dimethyl acetylene, vinyl acetylene, diacetylene, and

20  Csacetylenes.

7. A process as claimed in any one of the preceding Claims wherein, in the addition

reactor, the relative mole ratios of butadiene in the mixed C, stream to acetic acid is in

12



8. A process as clainmed in any one of the preceding C ains wherein the
addition reaction is carried out at a tenperature in the range 40 to 90C
9. A procweg3azesl ai ned i n any one of the precedi ng C ai mMPCEGBRI08P3D he
addition 5 reaction is carried out using a heterogeneous catalyst. 10. A
process ,as.. k@lqug j-1p. G aim9 wherein the heterogeneous catalyst conprises
a zeolite or a strong acid ion-exchange resin. 11. A process as clainmed in
any one $f tAproeesesdidigeCiainyBnubLthe ipecsdingCladnsow RS eifttthe additidie addi tion
reaction in an amount between 0.5 and 20 ww % based on the total 10

char ge treactipe iy eadedeut a 2 terpeprtye die Hegangd 4] WeW°Cn A aim 9 or 10 wherein

the addijion reaction,i.s carried o under ndi tions. of hjgh shear. 13. A
pr ocess s ot Bioet A i By S Bhive srlediner g a fL8ads Ay

pol ymer irgRkibRMs cdriéd Bitti@ing aheRisiRbediR chhgspddi tion reaction mxture. 15 14.
A process as clainmed in any one of the preceding Clains wherein the

n- but enyll0. gcptoaess asebomed adClrinp hvihiseeip thecheteroganecermeaiadyshgempgeaat ed t o

produce bé'],tﬂél acetate..  15. Ahgrocess as clainmed in any one of the preceding
C ai s VARHEIH ASBRPS ALAIY-Gehang LS o duct st ream conpri sing t - butyl

acet at e,11n- QULRRYYs ACELALEIARY 0BE6f i?x!étp%'ﬁéhin%@lhﬂsewhééiﬁ wieRag plegdhtf rom said
product stream by azeotropic Separative nethods. 20 16. A process as

cl ai med in thecavditomereadtionhie ap amoed beigve€h & mandiHewsy o, dasddsnibe e i s

r eco1 Qr eC arfgg?omthtet}ga | (r)r(?duct stream 25 30 13
12. A process as claimed in Claim 9 or 10 wherein the addition reaction is carried out

-under conditions of high shear.
13. A process as claimed in any one of the preceding Claims wherein a polymerisation
inhibitor is added to the addition reaction mixture. ‘
15 14. A process as claimed in any one of the preceding Claims wherein the n-butenyl

acetate recovered from the product stream is hydrogenated to produce butyl acetate.
15. A process as claimed in any one of the preceding Claims wherein components of
the product stream comprising t-butyl acetate, n-butenyl acetate and sec-butenyl acetate
are separated from said product stream by azeotropic separative methods.

20 16. A process as claimed in any one of the preceding Claims wherein di-isobutene is

recovered from the product stream.

25
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